Renal infiltration with leukaemic cells is a common finding in patients suffering with chronic lymphocytic leukaemia (CLL) but rarely does it lead to significant renal dysfunction. Similarly, BK nephropathy is a recognized cause of graft failure in renal transplant recipients but rarely causes significant disease in native kidneys. In the few reports where leukaemic infiltration of the kidney has led to significant renal impairment, the pathological process causing renal dysfunction is not identified on biopsy. In these cases, it is unclear whether BK polyomavirus (BKV) nephropathy has been excluded. We describe a case of dual pathologies in a patient with Binet stage C CLL and deteriorating renal function where renal biopsy reveals leukaemic infiltration of the kidney occurring alongside BKV nephropathy. The relative importance of each pathology in relation to the rapid decline to end-stage renal failure remains unclear, but the presence of both pathologies appears to impart a poor prognosis. Additionally, we describe the novel histological finding of loss of tubular integrity resulting in tubular infiltration and occlusion by leukaemic cells. It is possible that the patient with advanced CLL is at particular risk of BK activation, and the presence of BK nephropathy may compromise tubular integrity allowing leukaemic cell infiltration and obstruction of tubules. This case bares remarkable resemblance to the first and only other report of its kind in the literature. It is not clear how available immunocytochemistry for polyoma infection is outside transplant centres, and it is possible that BK nephropathy is being under-diagnosed in patients with CLL in the context of declining renal function. At present, the combination of BKV nephropathy and leukaemic infiltration represents a management conundrum and the prognosis is poor. Further research is required in order to better understand the pathological process and therefore develop management strategies.
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Preliminary H&E sections showed renal cortex infiltrated by sheets of monotonous lymphoid cells that appeared to spare the tubules (Figure 1 ). There was severe tubular atrophy with the tubular epithelial cells having atypical, often hyperchromatic and enlarged nuclei. Some had areas of nuclear pallor and vacuolation. Condensed chromatin surrounding the pallor was very rare. This together with focal loss of tubular epithelial cells and renal failure raised the possibility of viral infection. Immunocytochemistry with an antibody to SV40 large T antigen (Oncogene Research Products) for polyoma showed frequent nuclear staining (Figure 2 ). Subsequent stains highlighted tubules showing frequent intact tubular basement membranes with total loss of epithelial cells and replacement by lymphocytes (Figure 3 ). Infrequent granular and hyaline casts were present. Interstitial fibrosis was present but not of major degree. Fourteen out of 17 glomeruli were sclerosed, with one collapsed and two normal glomeruli. Congo red was negative. No immune deposits were seen and there was no evidence of myeloma. Electron microscopy confirmed the absence of cast nephropathy.
Pulse methyl prednisolone was given as interim treatment in an attempt to salvage renal function. Following proven polyoma infection, his management was switched to IvIg and targeted BK virus treatment with ciprofloxacin. The evidence base for treatment of native kidney BK polyomavirus (BKV) nephropathy is largely extrapolated from studies involving immunosuppressed patients and relies heavily on reducing immunosuppression. Additionally, however, some 'targeted' therapies have been shown to reduce BK viral load though the impact on patient outcome is unclear. Such agents include leflunomide, quinolones, IvIg and cidofovir. Leflunomide has additional immunosuppressive properties, and the antiviral cidofovir is nephrotoxic. IvIg was therefore used alongside ciprofloxacin in an attempt to reduce viral load. Despite this, his renal function continued to deteriorate and he unfortunately progressed to end-stage renal failure, requiring regular haemodialysis. Subsequently, his CLL relapsed and he succumbed to the illness.
Discussion
BKV occurs ubiquitously as an asymptomatic infection that occurs in childhood and leads to lifelong persistence in the kidney [1] . BKV has long been recognized as an important cause of transplant nephropathy in renal transplant recipients. It is not generally known to cause native kidney nephropathy. In this case, the biopsy satisfies the criteria for the diagnosis of BKV nephropathy.
CLL has been associated with multiple mechanisms of acute kidney injury (AKI) including obstructive uropathy, acute uric acid nephropathy, tumour lysis syndrome, haemolysis, amyloid, light chain nephropathy, cryoglobulinaemia and glomerulopathies. Though a large proportion of patients with CLL will have significant renal infiltration (60-90%) [3, 4] , rarely does this result in renal impairment and the infiltrate characteristically spares the tubules. Literature review reveals 11 cases of AKI in patients with CLL where biopsy has excluded all of the aforementioned causes of renal impairment leading their authors to the conclusion that CLL infiltration itself was the cause of the disease. Direct involvement of the tubules by infiltra- Progressive renal failure due to renal infiltration by BKV and leukaemic cellstion of the epithelial cells was commented on once by Tucker et al. where mild infiltration was seen [5] . Minor infiltration also appears to be present in the images presented by Boudville and Saggi [6, 7] . Interestingly, the biopsies rarely indicated a direct mechanism of renal dysfunction other than the hypothesis that heavy infiltration leads to compression of tubules and microvasculature leading to ischaemia. There is no evidence of staining for BKV in any of these reports.
Here we report the additional novel finding of tubular infiltration and obstruction of the lumena by leukaemic cells further implicating CLL as the direct cause of renal dysfunction (Figure 2 ). Polyoma infection causes tubular epithelial damage with loss of epithelial cells and denudation of the basement membrane. It may well be that this enables the leukaemic cells to infiltrate along the residual lumena of the tubules. This is only the second case reported whereby renal biopsy revealed the highly unusual finding of polyomavirus occurring alongside CLL infiltration [6] . In transplants, the changes may only be seen in the medulla and may be focal without nuclear abnormality or inclusions [2] . In our experience, tubular nuclear atypia is easier to identify than nuclear inclusions, with immunocytochemistry identifying many more abnormal nuclei than are seen on H&E sections. In the absence of staining, the subtle histological changes consistent with polyoma infection may well be missed and therefore BKV nephropathy under-diagnosed. It is not clear how available immunocytochemistry for polyoma is outside transplant centres, and it is possible that polyoma infection, particularly in the immunocompromised patient, including those with CLL, is more common than has been reported. In this cohort of patients, serum and urinary BK PCR represents a non-invasive investigation that may be beneficial in establishing polyoma infection [2] .
There is remarkable similarity between these two cases with both patients having Binet stage C disease, hypogammaglobulinaemia and bronchiectasis. Such a biopsy finding poses a management conundrum. On the one hand, treating CLL infiltration of the kidney with further immunosuppression has in the past been met with varying degrees of success. Irradiation of the infiltrated kidney has also proved beneficial in one case. Conversely, however, the management of BKV nephropathy, at least in transplanted kidneys, relies heavily on reducing immunosuppression with the addition of targeted anti-viral therapy, though the benefit of the latter remains unclear [2] .
Unfortunately, both cases of leukaemic infiltration and BKV nephropathy reported to date resulted in the relentless march towards end-stage renal failure. The relative contribution of either pathology to the deterioration in renal function remains unclear. Given that a large proportion of patients with CLL will have normal renal function despite renal infiltration on biopsy, it is reasonable to speculate that the presence of CLL infiltration in both of these cases is less significant than the presence of BK virus. Contrary to this, 5 of the 11 previously documented renal injuries put down to CLL based on biopsy findings did indeed respond to aggressive chemotherapy. These two cases do suggest, however, that the presence of both pathologies imparts a poor prognosis. With this in mind, it is appropriate that in the population of patients with CLL, deterioration in renal function should be aggressively and rapidly investigated and the presence of BK virus confirmed or excluded.
